Another paper is limited to cycles or trends in annual rainfall in some parts of East Africa (Lumb, 1965) . This paper is the first comprehensive study of the subject.
The variability of annual rainfall totals is illustrated by the records of three stations in different parts of East Africa (Fig. 1 ). There are no clear trends or cycles in these data (Rodhe and Virji, 1976) . In this paper the calendar year is used as the unit of time. This is mainly done because most published records are based on this period (East African Meteoro logical Department, 1965 Department, , 1966 1896-1925 1906-35 1916-45 1926-55 1931-60 1936-65 1946-75 Fig The prevailing wind direction in East Africa during most of the year is easterly, varying between northeast and southeast in the two main monsoon seasons. These easterly winds come directly from the relatively warm Indian Ocean, bringing large amounts of water vapour in their lowest layers. These produce dependable rain fall conditions over most of the coastal areas. Only in the northern parts of the coast, where both monsoon winds arrive after longer journeys over land, the rainfall is less reliable, as shown by the higher relative variability. The same condition applies to central In the western parts of East Africa, a fair propor tion of rain is caused by intrusions of air streams from the west. These bring air masses which are moisture laden as they have moved over the dense vegetation of the Congo Basin. These westerly air masses fre quently converge with easterly air streams in the Rift Valley Convergence Zone, which is centred around Lake Victoria, where a quasi-permanent low pressure area prevails (Flohn, 1965) . The reliable rainfall caused by these air movements in the western parts of the region decreases towards the east, though there is some reactivation of the rain-producing processes over the Kenyan highlands, which explains the east ward bulge of the 20% isolines to the east of Lake Victoria (Fig. 5) .
Apart from these large-scale influences, the moun tains in East Africa, which normally receive more rainfall than the surrounding lowlands, seem not to be favoured with a lower relative rainfall variability, and the same applies to the areas around Lake Victoria.
Correlations with Median Rainfall
A comparison of the two variability maps with a map of mean or median annual rainfall shows a general similarity in the distribution patterns over East Africa. Where the average rainfall is high, as in the western parts of the region and the highlands, the absolute variability is also high, while the relative variability is generally quite low. In the drier parts of ably similar, so that only one is shown here (Fig. 6 ). Positive residuals prevail in the east, while negative residuals occur mainly in the western parts of the region, with the exception of small areas around Lake Victoria, near Lake Nyasa and over the Central Kenyan highlands. The dividing line between the two major zones coincides with the one produced in an earlier study of isonomals of the relative variability (Griffiths, 1959) . The conclusions mentioned before are confirmed: both the mountains and the area around Lake Victoria stand out as having a higher rainfall variability than could be expected on the basis of their median annual rainfall. the main landforms is shown in Fig. 7 . The location of the study area is indicated on Fig. 3 
Drought Frequencies
One consequence of rainfall variability, which is of special interest to agriculture, is the occurence of periods with much less than the normal rainfall. These periods, or droughts, may be of different dura tion and intensity. They cannot be identified from annual rainfall totals, because an annual figure may conceal a relatively long drought, if it was preceded or followed by some wet periods during the same year. Therefore monthly rainfall figures must be used to indicate droughts.
There exists no generally accepted quantitative def inition of a drought, but it should be based on the ratio between actual rainfall and the amount that may normally be expected. For example, a month with a total rainfall of 50 mm will cause no limitations in agricultural production at a station where the normal average rainfall for that month is also about 50 mm, since all agricultural activities are geared to this
amount. Yet this same total of 50 mm will cause severe restrictions at a station where normally about 250 mm of rainfall is received during the same month. In this paper a drought is defined as a month during which rainfall was less than 50 percent of the long term mean (based on the period ). An ex ception is made for months during which rainfall was 100 mm or more. Even if this amount is less than half the mean, it will almost never create restrictions in any form of agricultural production, and therefore months with rainfall above this limit were not con sidered droughts. The frequency of drought months was computed for the period 1931-1960 at 167 stations in East Africa where rainfall records were fairly complete. However, in this computation all months with a mean rainfall below 50 mm were excluded. It is assumed that agri culture during these normally dry months is based on soil moisture or irrigation, or will be in a stage where the water requirements of the crops are minimal, as for instance during the ripening stage of grain crops.
Also, for purposes of water supply, the rainfall during these months is of little significance. Therefore, even if no rainfall at all is received during these months, the consequences will generally not be serious, and these months cannot be considered as droughts.
The limit of monthly rainfall of 50 mm has been used before to define the agricultural growing season in East Africa (Griffiths, 1969 (Griffiths, , 1972 . The number of months above this limit varies strongly over East Africa and gives a general indication of the agri cultural possibilities as far as they are controlled by the length of the period of sufficient rainfall (Fig. 9) . The mean frequency of drought months per year shows a simple pattern over the region (Fig. 10) . Most of East Africa experienced between 1 and IV2 drought months per year. Higher values occurred only along the East Coast and in an area to the north and east of Lake Victoria, while lower values are limited to south ern and western Tanzania.
It is interesting that the distribution of the frequency of drought months shows little similarity to that of the variability of annual rainfall (Fig. 4, 5 ). This may largely be due to differences in the number of months under consideration, as only those with a mean rainfall over 50 mm were taken into account.
These effects of different lengths of the agricultural growing season were removed by expressing the fre quency of drought months as a percentage of the total number of months considered (Fig. 11) . The figures on this map indicate the probability that a month with a mean rainfall over 50 mm will receive less than half of its mean rainfall (or less than 100 mm). The area distribution of these percentages is rather similar to that of the relative variability of annual rainfall (Fig. if) Obviously this relationship is therefore of only limited value in the prediction of droughts. In these data the seasonal occurrence of droughts is, of course, not reflected. A drought month at the begin ning of the growing season has usually much more serious effects than one towards the end of the growth cycle. However, growing seasons in East Africa differ so much, not only with location but also with the various crops and agricultural techniques, that it proved impossible to quantify these effects.
Drought Persistence
The effects of a drought become much more serious when it extends over more than one month, as is fre quently the case in East Africa. In an effort to quantify these effects, the following arbitrary scale of persist ence points was devised after consultation with agri cultural officers and planters in Kenya: duration in months persistence points 2 1 3 3 4 6 5 10
This scale implies that a drought lasting 5 consec utive months has effects which are about ten times as serious as one which continued only during two months. It is obvious that the values on this scale cannot be realistic in estimating drought damage in all different forms of agriculture. In particular, tree crops will be able withstand long droughts much better than annual crops. Soil and drainage conditions also strongly influence the effects of droughts which persist over a number of months. The above scale must there fore be considered as a first approach to indicate the effects of drought persistence. The total number of persistence points at each sta tion depended on the total number of drought months recorded. As it was intended to quantify the persist ence tendency only, an index was computed for each and the distribution of this index was mapped (Fig. 12) .
The distribution over East Africa shows two areas of high values: near the East Coast, and to the north and northeast of Lake Victoria. Both these areas are characterized by long rainy seasons (Fig. 9 ). They differ, however, in the frequency of droughts: the coastal areas have frequent droughts, but these are much rarer near Lake Victoria (Fig. 11) . This means that droughts, once established over the latter region, will often persist for more than one month. There exists also some similarity between the dis tribution of the persistence index and that of the Inter Quartile Range (Fig. 4) . Clearly a strong absolute variability is often correlated with drought persistence. Drought frequencies and persistence of droughts follow similar patterns as the variability indicators, but the correlations are not strong enough to be of help in predicting drought probabilities.
